32P-labeled single-stranded DNA phage 4X174 was photodynamically inactivated by irradiation in air with visible light in the presence of the acridine dye, proflavine sulfate. The inactivated phages could adsorb to the host cells but failed to lyse them. Formation of intracellular mature phages was almost completely inhibited. Photodynamic lesions in 4SX174 DNA caused intracellular formation of defective double-stranded replicative form molecules which ultimately reverted to the single-stranded configuration.
32P-labeled single-stranded DNA phage 4X174 was photodynamically inactivated by irradiation in air with visible light in the presence of the acridine dye, proflavine sulfate. The inactivated phages could adsorb to the host cells but failed to lyse them. Formation of intracellular mature phages was almost completely inhibited. Photodynamic lesions in 4SX174 DNA caused intracellular formation of defective double-stranded replicative form molecules which ultimately reverted to the single-stranded configuration.
It is well known that acridine dyes act as photosensitizers for viruses such that irradiation with visible light in the presence of such dyes in air leads to the loss of biological activity. Studies on such "photodynamic" inactivation of different viruses have revealed that the viral nucleic acid (3) or the protein coat (5) or both (6) could be the sites of lethal damage. Our present knowledge is meager as to what specific step in the viral replication process is blocked by the photodynamic lesions. In this paper we report the results of our experiments with photodynamically iniactivated 32P-labeled single-stranded DNA phage fX174 which identify the blocked step in the intracellular replication of these phages. for total (both initra-and extracellular) nmature phage, it was observed that the number of mature phages per cell did not exceed 10 eveii after 90 min of growth in the case of those infected with photodynamically inactivated phage, fig.t3ed withese uniresultsathd ated e was t photo0 mental procedures were the same as those described (Fig. 3) . These results thus indicate that photo-under Fig. 4 excepti1ng that phages were Iiot photodynamic inactivation almost completely ini-dynamically inactivated and that samples were hibited intracellular phage maturation, the very withdrawn at 4 min (0) and at 16 min (-).
MATERIALS AND METHODS

Preparation
PHOTODYNAMIC LESIONS IN X174
stranded DNA of photodynamically inactivated 4X174 within the infected cells, log-phase E. coli C cells were starved for 1 h in starvation buffer at 35 C and infected with 32P-labeled photodynamically inactivated 4X174, the MOI being 3. After 15 min of adsorption, the cells were centrifuged, suspended in the same volume of prewarmed (35 C) Tris-glucose medium, and incubated further with aeration at the same temperature. Samples of infected cells were withdrawn just before the transfer from starvation buffer to Tris-glucose medium (0 min) and then after 12, 30, 60, and 90 min of incubation in the latter. DNA was extracted from the infected cells and chromatographed on hydroxy-apatite columns.
Elution patterns of 82P-labeled DNA of different samples are shown in Fig. 4A to E. It was previously verified that single-stranded DNA from free gbX174 (Fig. 5A) At 0 min all the 82P-labeled DNA eluted at 0.15 M NaCl, i.e., it existed in the single-stranded configuration (Fig. 4A) . After 12 min of growth in Tris-glucose medium at 35 C, about 70% of the 32P-labeled DNA eluted at 0.2 M and 0.3 M NaCl and therefore was in double-stranded form (Fig. 4B ). This indicated that fraction of the photodynamically inactivated phage could inject its DNA into the host cells, converting the DNA to double-stranded RF. Cramer and Uretz (2) found that photodynamically inactivated T4 phages were also able to p)artially inject their DNA into the host cells. As incubation at 35 C proceeded, the relative amounts of doublestranded form continued to decrease. At 30 and 60 min, only 49 and 28%, respectively, of the 32P-labeled DNA was in double-stranded form ( Fig. 4C and D) . At 90 min, practically all of the ;aP-labeled DNA eluted at 0.15 M indicating almost complete conversion of double-stranded RF DNA molecules to single-stranded form (Fig. 4E) . On the other hand, Fig. 6 shows what happened in an experiment of the type shown in Fig. 4 when the infection was with phages which were not photodynamically inactivated. No intracellular single-stranded form of input viral DNA could be detected up to 15 min of growth; fate of the input viral DNA was not followed beyond that period because of the onset of lysis of infected cells. In fact, Sinsheimer and his colleagues have shown experimentally that, in a normal infection, the input single-stranded viral DNA is quickly converted to a double-stranded (RF) DNA which permanently attaches to a site on the membrane of the host cell and replicates semiconservatively as double-stranded DNA, exchanging partners at each replication (7) .
The basis for the peculiar behavior of DNA of photodynamically inactivated 4X174 remains to be elucidated. There is evidence for depurination due to preferential destruction of guanine moieties (4) and for formation of alkali-labile glycosidic bonds (8) in DNA following photodynamic inactivation. One possible explanation for our results could be synthesis of discontinuous or mismatched, or both, complementary strands by the infecting single-stranded viral DNA harboring photodynamic lesions. These abnormal parental RF molecules probably failed to attach to the host cell membrane-a step essential for subsequent viral growth (10)-and the defective complementary strands were then gradually "chewed up" by intracellular nucleases.
